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(54) A method for converting information related to the hardware/software configuration of a 
distributed control system 



(57) The present invention relates to a method for 
converting first information comprising a firstformat pro- 
vided with a first syntax and a first semantics for describ- 
ing the hardware/software configuration of a first distrib- 



uted control system, into second information comprising 
a second format provided with a second syntax and a 
second semantics for describing the hardware/software 
configuration of a second distributed control system 
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Description 

[0001] The present invention relates to a method for 
converting information related to the hardware/software 
(HW/SW) configuration of a distributed control system 5 
(DCS). 

[0002] More particularly, the present invention relates 
to a method for converting first information having a cer- 
tain format for describing a first DCS HW/SW configu- 
ration, intosecond information having anotherformatfor io 
describing a second DCS HW/SW configuration. 
[0003] Distributed control systems are largely used in 
the state of the art with the purpose of controlling indus- 
trial processes. Particularly, distributed control systems 
have been conceived with the purpose of coping with is 
the intrinsic distributed nature of said industrial process- 
es, through a physical distribution of control units, which 
can communicate and exchange data/information. 
[0004] A DCS processes the data/information ac- 
quired from the process and can determine the physical 20 
behaviour of the process by means of a plurality of con- 
trollers, which interface to the process. 
[0005] Any DCS is typically described by data, param- 
eters, diagrams and the like, regarding its particular HW/ 
SW configuration. 25 
[0006] This information typically comprises: 

information regarding the number, the type and the 
configuration of the controllers included in the DCS; 
and/or 30 

- information regarding the number, the type and the 
configuration of the input/output (I/O) boards con- 
nected to the controllers; and/or 

- information regarding the number, the type and the 
configuration of the specific means, which are used 35 
for performing communication between the control- 
lers; and/or 

- information regarding the number, the type and the 
configuration of the means, which are used for su- 
pervising the controllers; and/or <*o 
information regarding the behaviour of the control- 
lers: this information generally comprises the pro- 
grams that are run by the DCS controllers and other 
requirements concerning, for example, the timing of 
said programs; and/or *s 

- information tags, which are useful for identifying 
various elements of a DCS. 

[0007] The information for describing a DCS HW/SW 
configuration is characterised by a proper format, which so 
is provided with a syntax and a semantics. With the 
terms "syntax" and the term "semantics" it is respective- 
ly meant a set of codification rules and a set of functional 
relationships and rules, characterising an information 
format. 55 
[0008] As technology proceeds, a DCS might become 
obsolete or, more generally, it might arise the need of 
controlling a certain industrial process with a different 



DCS, provided with more powerful hardware or software 
means. In this case, it is necessary to make provision 
for stopping the process operation, installing and con- 
figuring the new DCS. 

[0009] In order to minimise the DCS upgrade costs, 
the information related to the HW/SW configuration of 
the old DCS is generally reused. This fact implies to re- 
use technical solutions that have already been tested 
during the years and, therefore, ensuring a high level of 
reliability for the process control. 
[0010] Obviously, these technical solutions could cer- 
tainly be improved but, at this point, the effort for upgrad- 
ing the old DCS is certainly reduced if compared with 
the effort, which would be needed for generating "ex 
novo" the information regarding the HW/SW configura- 
tion of the new DCS. 

[0011] Unfortunately, even if the process behaviour 
remains the same, due to the fact that the DCS is phys- 
ically changed, there is only little chance of reusing the 
information related to the HW/SW configuration of the 
old DCS, as it is. 

[0012] The incompatibility between the new and the 
old DCS HW/SW configuration forces the engineers to 
reprocess the information regarding the old DCS HW/ 
SW configuration, so as to being able to reconfigure the 
new DCS. 

[0013] In practice, the information regarding the old 
HW/SW configuration is converted into information, 
which is useful for describing the HW/SW configuration 
of the new DCS. A traditional approach for performing 
this information conversion is to use mapping tables, 
which allow establishing logic links between the ele- 
ments of the old DCS and the elements of the new DCS. 
In practice, these mapping tables represent a guide, 
which allows creating the elements of the new DCS con- 
figuration, basing on the elements of the old DCS con- 
figuration. 

[0014] This traditional approach suffers from several 



[0015] In fact, the conversion of the information is 
generally realised in a manual fashion. Although the use 
of the mentioned mapping tables certainly represents a 
relief in the conversion process, the common practice 
has shown that the requested manual work implies sig- 
nificant negative consequences in terms of consistency 
and completeness of the information conversion. 
[0016] Moreover, the activity of manually and repeti- 
tively interacting with said mapping tables might be a 
tremendous source of trivial mistakes which, in most 
cases, can be checked with great difficulty. This fact can 
have negative consequences when the new DCS is in- 
stalled and commissioned. 

[0017] The probability of making trivial mistakes is fur- 
ther increased by the fact that the amount of information 
to translate may actually be, in many cases, very huge. 
In fact, it should be considered that a DCS system of 
normal size generally comprises several controllers, 
thousands of signals to exchange and thousands of 
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function blocks. 

[0018] Therefore a big amount of time is needed for 
performing the information conversion: this fact impacts 
negatively the costs for upgrading the DCS system. 
[0019] In ordertotry to solve these drawbacks, some 
methods of the state of the art make use of computer- 
ised tools that aim at speeding up the conversion oper- 
ations. 

[0020] The purpose of said computerised tools is gen- 
erally to execute the conversion of the information re- 
garding the input/output configuration of single ele- 
ments of the old DCS or, very often , to execute the trans- 
lation of the software programs that are run by single 
elements of the old DCS. 

[0021] In practice, such computerised tools can be 
considered as partially embedding the mapping tables 
mentioned above, used in the more traditional ap- 
proaches. 

[0022] Although these methods certainly relieve engi- 
neers from part of the conversion work amount, it is not 
possible to consider them as a satisfactory solution for 
the technical problems above described. 
[0023] In fact, it should be considered that a DCS is 
characterised by the presence of a large amount of hid- 
den logical links, between the elements of its HW/SW 
configuration. Said links can pertain to very different as- 
pects of the DCS and are essential for a good operation 
of the DCS. 

[0024] So, although these links are not visibly repre- 
sented, they are implicitly included in the DCS HW/SW 
configuration and they are equally important for ensur- 
ing the correct functionality of the DCS. It appears evi- 
dent that the task of maintaining the consistency of 
these hidden links is critical during the conversion proc- 
ess. 

[0025] Unfortunately, the use of the computerised 
tools of the state of the art can hardly accomplish this 
task, due to their capabilities, which generally are intrin- 
sically restricted to some particular elements the DCS 
HW/SW configuration. 

[0026] Therefore, a cumbersome amount of manual 
work is still needed, at least for recovering the hidden 
links that are characteristic of each DCS HW/SW con- 
figuration. This fact means that the mentioned draw- 
backs are still relevant and basically unsolved, in the 
common practice. 

[0027] The methods of the state of the art, which make 
use of said computerised tools, are affected by other 
critical drawbacks, which can be better understood mak- 
ing reference to the following considerations, deduced 
from the common practice. 

[0028] It is known that the technology of the compo- 
nents of the new DCS might be different from the one 
used for the old DCS. 

[0029] So, the HW/SW configuration information of 
the old DCS, which is obtained by means of the mere 
conversion of HW/SW configuration information of the 
old DCS, might not ensure optimal performances for the 



new DCS. 

[0030] This fact means that the optimisation of the in- 
formation, during the conversion process, is another 
critical task, for minimising the installation and commis- 
s sioning time of the new DCS. 

[0031] Unfortunately, in the known methods of the 
state of the art, the optimisation of the new DCS HW/ 
SW configuration information is generally made afterthe 
conversion of the old DCS HW/SW configuration infor- 
10 mation. This fact is due to many reasons that can be, 
for example, due to the "monolithic" nature of the ap- 
proaches that are generally adopted. This "monolithic" 
nature is generally related to the fact that the used com- 
puterised tools generally do not front the task of convert- 
's ing the DCS HW/SW configuration as a whole, but they 
just aim at accomplishing conversion tasks that are re- 
stricted to specific aspects of the DCS HW/SW config- 
uration. 

■ [0032] Said "monolithic" approaches make difficult to 
20 establish a satisfactory level of interactivity between the 
user and the information flow, during the information 
conversion process. Consequently, installation and 
commissioning costs of the new DCS are not remarka- 
bly reduced. 

25 [0033] The common practice has also put in evidence 
another critical drawback. 

[0034] When one of the known computerised tools is 
used, the knowledge of the conversion rules is generally 
hidden in the processing logic realised by said compu- 

30 terised tool. Obviously, said processing logic is acces- 
sible only for expert programmers. In practice, the 
knowledge of DCS information conversion, once it has 
been transmitted to the expert programmer to create the 
computerised tool, is no longer accessible for the DCS 

35 experts. 

[0035] Therefore, during the conversion process and 
the maintainance of the computerised conversion tool, 
a close collaboration between the expert programmers 
of the computerised tool and the DCS expert people is 

40 required. This makes theconversion process quite com- 
plicated to manage and very time consuming, because 
many people have to be involved. 
[0036] The main aim of the present invention is to pro- 
vide a method, which allows performing the conversion 

45 of the information related to a DCS HW/SW configura- 
tion, reducing to a negligible level the drawbacks that 
have been described above. 

[0037] Within this scope, another object of the present 
invention is to provide a method, which allows maintain- 
so ing, duringtheconversionprocess.theknowledgeofthe 
conversion rules on a level which is entirely accessible 
to the DCS expert. 

[0038] Another object of the present invention is to 
provide a method which allows to perform the conver- 
ts sion of the information related to a DCS HW/SW config- 
uration in a consistent and complete manner, and which 
allows to optimise, at the same time, the information 
content. 
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[0039] Another object of the present invention is to 
provide a method which allows to perform the conver- 
sion of the information related to a DCS HW/SW config- 
uration, reducing to a negligible level the loss of the log- 
ical hidden connections linking different elements of the 
DCS HW/SW configuration. 

[0040] Another object of the present invention is to 
provide a method which allows performing the conver- 
sion of the information related to a DCS HW/SW config- 
uration of different distributed control systems, inde- 
pendently of their specific structure and configuration. 
[0041] Not the least object of the present invention is 
to provide a method, which can be relatively easy em- 
bedded on a computerised environment, so as to allow 
obtaining at least a partially automatic execution of said 
method. 

[0042] Thus, the present invention provides a method 
for converting first information comprising a first format 
provided with a first syntax and a first semantics for de- 
scribing the hardware/software configuration of a first 
distributed control system. In the method, according to 
the present invention, said first information is converted 
into second information comprising a second format 
provided with a second syntax and a second semantics 
for describing the hardware/software configuration of a 
second distributed control system. 
[0043] The method, according to the present inven- 
tion, is characterised in that it comprises the phases of: 

a) importing said first information into a computer- 
ised environment; 

b) converting, by means of a computerised knowl- 
edge interpreter, said first information into third in- 
formation comprising one or more formats for de- 
scribing the hardware/software configuration of a 
virtual distributed control system, the hardware/ 
software configuration of said virtual distributed 
control system being at least partially independent 
from the hardware/software configurations of said 
first distributed control system and said second dis- 
tributed control systems; 

c) converting, by a means of said computerised 
knowledge interpreter, said third information into 
said second information; 

d) exporting said second information out of said 
computerised environment. 

[0044] The method, according to the present inven- 
tion allows achieving the intended aims. 
[0045] The method, according to the present inven- 
tion, performs an indirect conversion of the information 
related to the hardware/software configuration of the old 
DCS. 

[0046] In fact, in a first instance, the information relat- 
ed to the HW/SW configuration of the old DCS into in- 
formation comprising a "neutral " format, and, subse- 
quently, said information comprising a neutral format is 
converted into information comprising a format, which 



depends on the new DCS configuration. All the ele- 
ments of the old DCS configuration are, in practice, rep- 
resented, during the conversion process, in a "neutral" 
format, which is characterised by proper syntax and se- 

s mantics. Also the visible and hidden links among the 
DCS elements can be considered "per se" as DCS ele- 
ments and can be represented in said neutral format. 
So, they can be converted and handled, minimising the 
possibilities of missing them during the conversion proc- 

<o ess. In this manner, the conversion process pertains to 
the information related to the old DCS configuration, tak- 
en as a whole. Moreover the method according to the 
present invention allows obtaining a separation be- 
tween the "source" (the HW/SW configuration of the first 

15 DCS) and the "target" (the HW/SW configuration of the 
second DCS) of the information flow. This fact, together 
with the other mentioned advantages, allows achieving 
a high level of consistency and the reliability of the con- 
version, minimising the need of a human intervention. 

20 [0047] Furthermore, an important characteristic of the 
method according to the present invention is that it is 
possible to process the information when it is converted 
in the "neutral" format. This allows optimising the infor- 
mation content and, in practice, restructuring the infor- 
ms mation in the "neutral" format before the final conversion 
into the information related to the new DCS HW/SW 
configuration. This fact implies a relevant reduction of 
the upgrading costs of the DCS. As it will be described 
more clearly in the following, the use of a computerised 

30 knowledge interpreter, allows the DCS expert people to 
directly interact with the conversion process. In fact, the 
knowledge rules are fully accessible in the mentioned 
knowledge bases: in this manner the conversion proc- 
ess can be "tuned" according to user needs, modifying, 

35 when necessary, the knowledge rules that determine 
the behaviour of the knowledge interpreter. 
[0048] For a better understanding of the present in- 
vention, reference may be made to the detailed descrip- 
tion reported hereinafter, taken in conjunction with the 

40 accompanying drawings in which: 

figure 1 represents a block diagram, which sche- 
matically illustrates the sequence of phases includ- 
ed in the method according to the present invention; 
<5 figure 2 represents a second block diagram, which 
schematically illustrates a preferred embodiment of 
said computerised knowledge interpreter; 
figure 3, represents a second block diagram, which 
schematically illustrates an example of manage- 
so ment of said knowledge rules; 

figure 4 represents a first block diagram, which 
schematically illustrates a preferred sequence of 
phases/steps included in the method according to 
the present invention; 
55 figure 5 represents a second block diagram, which 
schematically illustrates a preferred sequence of 
phases/steps included in the method according to 
the present invention. 
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[0049] Referring to figure 1 , the method according to 
the present invention executes a conversion of first in- 
formation 1 0, which has a first format for describing the 
HW/SW configuration of a first DCS (not shown). The 
information 10 is converted into second information 11 , 
which has a second format for describing the HW/SW 
configuration of a second DCS (not shown). 
[0050] The first information 10 comprises afirstformat 
provided with a first syntax and a first semantics, while 
the second information 1 1 comprises a second format 
provided with a second syntax and a second semantics. 
[0051] The method according to the present invention 
comprises the phase a) (block 1) of importing the first 
information 1 0 into a computerised environment (repre- 
sented by the dashed block 12). Subsequently, the 
method, according to the present invention provides the 
phase b) (block 2) of converting, by means of a compu- 
terised knowledge interpreter 100, the first information 
10 into third information 13. The third information 13 
comprises one or more formats for describing the hard- 
ware/software configuration of a virtual distributed con- 
trolsystem. Said virtual distributed control system is pro- 
vided with a hardware/software configuration, which is 
at least partially independent from the hardware/soft- 
ware configurations of the mentioned first and the sec- 
ond distributed control systems (not shown). 
[0052] In a preferred embodiment, the method ac- 
cording to the present invention provides the also phase 
e) (dashed block 3) of processing, by means of the com- 
puterised knowledge interpreter 100, the third informa- 
tion 13. 

[0053] The third information 13 is subsequently con- 
verted, at the phase c) (block 4), into the second infor- 
mation 1 1 . Also the phase c) is executed by means of 
the computerised knowledge interpreter 1 00. 
[0054] Finally, the method according to the present in- 
vention provides the phase d) (block 5) of exporting the 
second information 1 1 out of the computerised environ- 
ment 12. 

[0055] The computerised knowledge interpreter 1 00 
advantageously comprises one or more first computer 
programs 101. The programs 1 01 adopt, during the ex- 
ecution of the stages b), c) and e) predefined sets of 
knowledge rules (not shown) that are stored in the com- 
puterised knowledge bases 102, 103 104, linked to the 
computerised knowledge interpreter 100. The number 
of knowledge bases can be vary, according to the 
needs. Preferably, at least a different knowledge base 
is referred to each of the phases b), ore) or e), as shown 
in figure 1 . 

[0056] Referring now also to figure 2, it is illustrated a 
preferred sequence of logical steps performed by the 
computerised knowledge interpreter, during the execu- 
tion of one of said phases. Obviously, this sequence of 
steps can be repeated during the execution of one of 
said phases. 

[0057] The computerised knowledge interpreter 100 
receives (block 120) one or more predefined pieces of 



input information 1 09. The computerised knowledge in- 
terpreter 1 00, by means of the computer programs 1 01 
of figure 1 , processes (block 121) the input information 
1 09. The pieces of input information 1 09 are processed 
s basing on the knowledge rules (reference 1 22) that are 
stored i n one of the knowledge bases linked to the com- 
puterised interpreter 1 00 (for example in the knowledge 
base 102). 

[005B] The result of the processing step 121 is the 
10 generation (block 1 23) of one or more pieces of output 
information 110. 

[0059] The pieces of input information 109 can con- 
sist, for example, of any pieces of information, which are 
manipulated/processed/converted during the execution 
is of any phase/step of method according to the present 
invention. For example, they can consist of pieces of in- 
formation 10, or 13 (see figure 1). Accordingly, the piec- 
es of output information 11 0 can consist of any pieces 
of information, which are generated, during the execu- 
te tion of the method according to the present invention, in 
consequence of any manipulation/processing/conver- 
sion phase/step. For example, they can consist of piec- 
es of information 1 1 , or 1 3 (see figure 1 ). 
[0060] Obviously, the input information 1 09 compris- 
es es advantageously a input format, provided with a input 
syntax and a input semantics and, accordingly, the out- 
put information 1 1 0 comprises a output format, provided 
with a output syntax and a output semantics. 
[0061] Said input and the output formats can be pro- 
30 vided with syntax and semantics that are substantially 
equivalent. Alternatively, said formats can be different. 
[0062] Preferably, according to the purposes of the 
present invention, the pieces of input information 109 
can comprise an input format, which is provided with the 
35 same syntax but different semantics with respect to the 
output format. Alternatively, the input format can be pro- 
vided with different syntax and same semantics or with 
different syntax and different semantics with respect to 
the output format. 
40 [0063] Any of the knowledge rules 1 22 can comprise 
different portions. 

[0064] Particularly, referring also to the figure 3, any 
of the knowledge rules 122 can comprise a first portion 
1 24 of knowledge rule (named in figure 3 as "Condition 

*s Portion") for generating one or more logic values and/ 
or graphic logic elements 126. Said logic values and/or 
graphic logic elements are indicative of the existence of 
certain logic conditions that determine the kind of 
processing to which said pieces 109 of input information 

so are subjected. 

[0065] Moreover, any of the knowledge rules 1 22 can 
comprise a second portion 125 of knowledge rule 
(named in figure 3 as "Action Portion") for selecting, 
based on the logic values generated by the first portion 

55 of rules, one or more processing actions. The pieces of 
input information 1 09 are therefore subjected to the se- 
lected processing actions. 

[0066] In practice, according to a preferred embodi- 
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merit of the present invention, when the computerised 
knowledge interpreter 100 receives a piece of input in- 
formation 109, it compares said piece of input informa- 
tion 109 with the "condition" portions of each of the 
knowledge rules. If a matching is present, then at least 
a logic value and/or a graphic logic element, indicative 
of a "positive" matching condition, is generated (refer- 
ence 126 of figure 3). Otherwise, if there is no matching, 
at least a logic value and/or a graphic logic element, in- 
dicative of a "negative" matching condition, is generated 
(reference 127 of figure 3). 

[0067] When a "positive" Jogic value and/or a graphic 
logic element is generated by a "condition" portion, the 
computerised knowledge interpreter is forced to select 
the "action" portion, which corresponds to said "condi- 
tion" portion. Otherwise, a "VOID" action portion (corre- 
sponding to a stand-by status of the computerised 
knowledge interpreter) is selected. 
[0068] The choice of generating logic values or graph- 
ic logic elements depends basically on the implementa- 
tion of the "condition" and "action" portions of a knowl- 
edge rule. 

[0069] Said "condition" and "action" portions can 
comprise one or more pieces of computer program that 
adopt a "script" language such as, for example the well 
known "JPython" language. In this case, at least a logic 
value (such as 'TRUE" or "FALSE" of figure 3) is gen- 
erated. Conversely, said "condition" and "action" por- 
tions can comprise one or more pieces of computer pro- 
grams that adopt a "graphical" language such as, for ex- 
ample, a graphical language obtained from one of the 
well known functional block standard languages (e.g. 
IEC 1131 standard language). In this case, at least a 
logic graphic element (such as that one represented in 
the block 126 figure 3) is generated, in case of positive 
matching. 

[0070] On the contrary, another logic graphic element 
(such as that one represented in the block 127 of figure 
3) is generated, in case of negative matching. 
[0071] According to a preferred embodiment of the 
present invention, a combination of said "script" lan- 
guage and said "graphical! 1 language can be used for 
the "condition" and "action" portions of a knowledge 
rule. In this case, saidf irst and second portions can eas- 
ily include one or more separated sub-portions. Each of 
said sub-portions can comprise one or more pieces of 
computer program that use a language, which is ob- 
tained by means of a combination (for example taking 
or merging appropriately some coding rules) of said 
"script" language and said "graphical" language. 
[0072] In this manner, a remarkable increase of the 
flexibility of the computerised knowledge interpreter op- 
eration is obtained. 

[0073] For example, in a advantageous embodiment 
of the method according to the present invention, a"con- 
dition" portion can comprise a "precondition" sub-por- 
tion, a "condition" sub-portion and a "post-condition" 
sub-portion. All these sub-portions allow refining the 



logic conditions that determine the kind of processing to 
which said pieces of input information are subjected. 
[0074] Accordingly, an "action" portion can comprise 
a "pre-action" sub-portion, a "action" sub-portion and a 
5 "post-action" sub-portion. All these sub-portions allow 
refining the selection of possible processing actions that 
are available to the computerised knowledge interpret- 
er. 

[0075] The advantages of the described embodi- 

10 ments of themethod, accordingto the present invention, 
have proven to be quite remarkable, in the real practice. 
[0076] The computerised knowledge interpreter can 
be adapted to the different tasks, provided by the meth- 
od according to the present invention, without any need 

is of new coding efforts. In practice, if particular needs 
arise, new knowledge rules can be added to the knowl- 
edge bases that are related to the various phases/steps 
of the method according to the present invention. 
[0077] This means that, thanks to the computerised 

20 knowledge interpreter, it is possible to make the "con- 
version knowledge" directly accessible to the DCS ex- 
pert. So, the entire conversion process is exploited more 
naturally and, therefore, with a higher level of reliability. 
[0078] Moreover, the use of different mechanisms, for 

25 managing the knowledge rules (i.e. "script" or "graphi- 
cal" languages or the like) makes more powerful the op- 
eration of the computerised knowledge interpreter. 
[0079] Referring now also to the figure 4, a preferred 
embodiment of the method according to the present in- 

30 vention is described. 

[0080] According to this embodiment, the phase a) 
can comprise the step a.1 ) of acquiring the first informa- 
tion 10 from first storage means 18, for example a da- 
tabase. The first storage means 1 8 are advantageously 

3s included in first computerised tools (not shown) that are 
used for engineering and configuring the first DCS. Sub- 
sequently, the phase a) can provide the step a.2) of stor- 
ing the first information 1 0 into second storage means 
19 included in the computerised environment 12. Also 

40 the second storage means 19 can be represented, for 
example, by a database. 

[0081] In practice, the steps a.1) and a.2) provide a 
direct acquisition of information from a computerised 
system, which is used for engineering and configuring 

is the first DCS. This embodiment, which can be easily im- 
plemented by means of a suitable computerised inter- 
face, is particularly advantageous because it allows im- 
porting information, remarkably reducing the needed 
amount of human work. At step a.3) of the phase a), the 

50 first information 1 0 is preferably acquired from the sec- 
ond storage means 1 9, so as to make it available forthe 
subsequent phases of the method according to the 
present invention. 

[0082] The phase b) of this preferred embodiment of 
55 the method, according to the present invention, com- 
prises advantageously the step b.1) of sending pieces 
of first information 10, in input to the computerised 
knowledge interpreter (not shown in figure 4). Subse- 
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quently, it is provided the step b.2) of generating, by 
means of the computerised knowledge interpreter, piec- 
es of first intermediate information 50. The pieces of the 
first intermediate information 50 comprise advanta- 
geously a first intermediate format provided with a third 
syntax and said first semantics. In figure 4, the block 80 
represents the sequence including the step b. 1 ) and the 
step b.2). 

[0083] Then the step b.3) of storing the pieces of first 
intermediate information 50 into first intermediate stor- 
age means 51 can be provided. 
[0084] Subsequently, at step b.4) a first portion 501 of 
the pieces of first intermediate information 10 is sent in 
input to the computerised knowledge interpreter and at 
step b.5) a second portion 502 of the pieces of first in- 
termediate information 1 0 is sent in input to the compu- 
terised knowledge interpreter. 
[0085] Subsequently, it is provided the step b.6) of 
generating, by means of the computerised knowledge 
interpreter, a first portion 1 31 of pieces of third informa- 
tion 13. Said first portion 131 of pieces of third informa- 
tion 13 comprises preferably a third format provided with 
said third syntax and a third semantics. Accordingly, it 
is provided the step b.7) of generating by means of the 
computerised knowledge interpreter, a second portion 
1 32 of pieces of th ird information 1 3. The second portion 
132 of pieces of third information 13 comprising a for- 
mat, which is substantially equivalent to said first inter- 
mediate format. 

[0086] In figure 4, the block 81 represents the se- 
quence comprising the step b.4) and the step b.6) while 
the block 82 represents the sequence comprising the 
step b.5) and the step b.7). 

[0087] Finally, the phase b) provides the step b.8) of 
storing said first portion 131 and said second portion 132 
of pieces of third information 1 3 into third storage means 
20 included in the computerised environment 12. 
[0088] The first portion 131 of pieces of third informa- 
tion 13 is generally generated in normal operating con- 
ditions, when an optimisation of the information content 
is needed. On the other hand, the second portion 132 
of pieces of information 13 is generated if there are 
some pieces of the first information 10, for which the se- 
mantics conversion is particularly difficult. This may 
happen in case of conversion of the information related 
to very complicated elements of the DCS HW/SW con- 
figuration, such as, for example, huge "PID" controllers 
or the like. In fact, the first semantics comprised in the 
mentioned first format of the first information 1 0 might 
be not compatible with the third semantics comprised in 
the mentioned third format of the third information 13. 
[0089] In this case, due to the need of avoiding a 
heavy conversion process, the conversion of the se- 
mantics is not performed but only the syntax is convert- 
ed. 

[0090] The practice has shown that, generally, the 
amount of pieces of information that are difficult to trans- 
late is small in comparison' to the whole amount of the 



information 10. In spite of this, they can remarkably de- 
lay the conversion process. Moreover, for the conver- 
sion of said "complicated" pieces of information the third 
format of the information 13 should include semantics 
s rules that are rarely used and that are very specific for 
a certain DCS. This would provoke a remarkable con- 
sumption of processing resources in the practical imple- 
mentation of the method according to the present inven- 
tion. 

10 [0091] The generation of the second portion 132 of 
the information 13 is therefore a quite useful "shortcut" 
for making the method according to the present inven- 
tion more flexible and more easy to implement. 
[0092] In any case, the amount of information includ- 
es ed in both the first and second portion of pieces of infor- 
mation 13 can vary (from 0% to the 100%), according 
to the needs. So, in extreme situations, said first 1 31 or 
said second portion 1 32 may be void. 
[0093] Referring again to figure 4, in a further pre- 

20 ferred embodiment of the method, according to the 
present invention, the phase e) can comprise the step 
e. 1) of acquiring the first portion 131 and the second 
portion 1 32 of pieces of the third information 1 3 from the 
third storage means 20. 

25 [0094] Then the step e.2) of sending the first portion 
131 of pieces of the third information 13, in input to the 
computerised knowledge interpreter and the step e.3) 
of generating, by means of the computerised knowledge 
interpreter, a first processed portion 133 of pieces of 

30 third information 1 3 are provided. 

[0095] In figure 4, the block 83 represents the se- 
quence comprising the step e.2) and the step e.3). 
[0096] The first processed portion 133 of pieces of 
third information 13 comprises advantageously a for- 

35 mat, which is equivalent to said third format. 

[0097] Accordingly, the phase e) can also comprise 
the step e.4) of sending the second portion 1 32 of pieces 
of the third information 13, in input to the computerised 
knowledge interpreter. The phase e) can also comprise 

fo the step e.5) of generating, by means of the computer- 
ised knowledge interpreter, a second processed portion 
134 of pieces of third information 13. Said second proc- 
essed portion 1 34 of pieces of third information 13 com- 
prises advantageously a second intermediate format 

45 provided with said third syntax and said second seman- 
tics. 

[0098] In figure 4, the block 84 represents the se- 
quence comprising the step e.4) and the step e.5). 
[0099] Finally, the phase e) can provide the step e.6) 
so of storing the portions 1 33 and 1 34 of pieces of the third 
information 13 into the third storage means 20. 
[0100] As mentioned above, the HW/SW configura- 
tion of the virtual DCS is at least partially independent 
of the HW/SW configuration of the first and second dis- 
ss tributed control systems. 

[0101] The representation of the HW/SW configura- 
tion of the virtual DCS might be obtained in various man- 
ners. In a preferred embodiment of the method, accord- 
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ing to the present invention, the third information 13 de- 
scribe the HW/SW configuration of a virtual DCS 
through the combination of different sets of information. 
Each set of information comprises pieces of information 
that are related to non-overlapping aspects of the hard- 
ware/software configuration of the virtual DCS. 
[0102] In this manner, the HW/SW configuration of the 
virtual DCS is described combining sets of information, 
which are substantially "orthogonal". Also the implicit re- 
lationships, hidden in the HW/SW configuration of the 
first DCS, can be easily represented and, therefore, con- 
verted reducing to negligible levels the probability of 
missing information. 

[01 03] Referring now to figure 5, other features of the 
preferred embodiment of the method, according to the 
present invention, which has been partially illustrated in 
figure 4, are described. 

[01 04] The phase c) (block 85) comprises preferably 
the step c.1) of acquiring from the third storage means 
20, the following portions of pieces of third information 
13 

the first portion 131 ; and/or 

- the second portion 132; and/or 

- the first processed portion 133; and/or 

- the second processed portion 134. 

[0105] Then, the phase c) can comprise the step c.2) 
of sending in input to the computerised knowledge in- 
terpreter said portions 131, 132, 133, 134 of pieces of 
third information 13. Subsequently, the phase c) can 
provide the step c.3) of generating, by means of the 
computerised knowledge interpreter, the following por- 
tions of pieces of second intermediate information 60: 

- a first portion 601 , which comprises a format equiv- 
alent to said second intermediate format; and/or 

a second portion 602, which comprises a format 
equivalent to said second intermediate format; and/ 
or 

a third portion 603, which comprises a format equiv- 
alent to said second intermediate format; and/or 
a fourth portion 604, which comprises a format 
equivalent to said second intermediate format. 

[0106] The phase c) can further provided the step c, 
4) of storing the portions 601 , 602, 603 and 604 of sec- 
ond intermediate information 60 into second intermedi- 
ate storage means 61 , included in the computerised en- 
vironment 12. 

[0107] At this point of the process, the portions 601 , 
602, 603, 604 can be considered as a whole, due to fact 
that they have the same format. 
[01 08] Subsequently, the step c.7) of acquiring pieces 
of the second intermediate information 60 from the sec- 
ond intermediate storage means 61 and the step c.8) of 
sending pieces of the second intermediate information 
60, in input to said computerised knowledge interpreter 



may be provided. 

[0109] Finally the phase c) can provided the step c.9) 
of generating (block 86), by means of the computerised 
knowledge interpreter, pieces of the second information 

5 11. 

[0110] Symmetrically to the phase a), the phase d) 
can comprise the step d.1) of storing said pieces of the 
second information 11 into fourth storage means 21 , in- 
cluded in the computerised environment 12. Subse- 
io quently, the step d.2) of acquiring the second informa- 
tion from the fourth storage means 21 and the step d.3) 
of storing the second information 11 into fifth storage 
means 22 can be provided. The fifth storage means 22 
can advantageously be included in second computer- 
's ised tools (not shown) used for engineering and config- 
uring the second DCS. 

[0111] Also this embodiment of the method, accord- 
ing to the present invention, is particularly advanta- 
geous due to the fact that it provides the export of the 

20 information 1 1 remarkably reducing the needed amount 
of human work. Moreover, the second information 11 is 
made available to the computerised tools that are used 
for engineering and configuring the second DCS. 
[01 12] The method according to the present invention 

25 has proven to be of easy practical implementation. 
[0113] In fact, the computerised environment 12 can 
be considered as a computerised framework for imple- 
menting the method according to the present invention. 
[0114] The computerised environment 12 can be re- 

30 alised in practice using computerised tools that are 
available in the state of the art. Particularly, a personal 
computer running a suitable multitasking operating sys- 
tem, provided with windowing GUI (Graphical User In- 
terface) capabilities, might be used. Moreover, a Java 

35 virtual machine adapted for said multitasking operating 
system might be also advantageously used. 
[0115] As mentioned above, the computerised envi- 
ronment 12 can comprise the computerised knowledge 
interpreter 1 00 and also the knowledge bases 102, 103 

40 and 104. 

[0116] In a preferred embodiment of the method, ac- 
cording to the present invention, one or more of the 
phases from a) to e) can be activated, according to ad- 
justable sequences, by first computerised means (not 
■« shown), included in the computerised environment 12. 
The first computerised means can be represented, for 
example, by a first suitable programmable computer- 
ised interface, available the computerised environment 
12. 

so [0117] This embodiment is particularly advantageous 
because the user is allowed managing all the transitions 
of the information during the process flow. In particular, 
the various phases/steps of the method, according to 
the present invention, can be performed according to 

55 sequences that can be set by the user according to the 
needs. This fact implies remarkable advantages in 
terms of flexibility and applicability of the method ac- 
cording to the present invention. 
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[01 1 8] These advantages are also more evident in an- 
other possible embodiment of the method according to 
the present invention. According to this embodiment, 
the computerised environment 12 comprises second 
computerised means (not shown) for logging the se- 
quence of transitions to which a selected information 
item is subject during one or more of said phases from 
a) to e). 

[01 1 9] Obviously, the mentioned information item can 
be related to one or more aspects of the first or the sec- 
ond or the virtual DCS and therefore it can be selected 
from said first information and/or from said second in- 
formation and/or from said third information. 
[0120] In practice, the second computerised means 
allows selecting the information item according to a pre- 
defined set of descriptive attributes, Then, once the in- 
formation item is selected, the second computerised 
means allows building data structures that keep track of 
the transitions to which said information item is subject- 
ed. For example, said data structures can comprise one 
or more so called "transition graphs", visible to the user, 
that allow describing the complete transition story of the 
selected item. Obviously, the user can modulate, 
through the second computerised means, the scope 
and the extension of the tracing activity. 
[0121] Also the first computerised means are of easy 
practical implementation. They might be represented, 
for example, by a second suitable programmable com- 
puterised interface running in the computerised environ- 
ment 12. 

[0122] The method, according to the present inven- 
tion, is susceptible of numerous modifications and var- 
iations, all of which are within the scope of the inventive 
concept. All the details may furthermore be replaced 
with other technically equivalent elements. 



Claims 

1 . A methodfor converting first information comprising 
a first format provided with a first syntax a first se- 
mantics for describing the hardware/software con- 
figuration of a first distributed control system, into 
second information comprising a second format 
provided with a second syntax and a second se- 
mantics for describing the hardware/software con- 
figuration of a second distributed control system, 
characterised in that it comprises the following 
phases: 

a) importing said first information into a compu- 
terised environment; 

b) converting, by means of a computerised 
knowledge interpreter, said first information in- 
to third information comprising one or more for- 
mats for describing the hardware/software con- 
figuration of a virtual distributed control system, 
the hardware/software configuration of said vir- 
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tual distributed control system being at least 
partially independent from the hardware/soft- 
ware configurations of said first and second dis- 
tributed control systems respectively; 
s c) converting, by means of said computerised 

knowledge interpreter, said third information in- 
to said second information; 
d) exporting said second information out of said 
computerised environment. 

10 

2. A method, according to the claim 1 , characterised 
in that it comprises also the phase e) of processing, 
by means of said computerised knowledge inter- 
preter, said third information. 

15 

3. A method according to the previous claims charac- 
terised in that said computerised knowledge inter- 
preter comprises one or more computer programs 
adopting, during the execution of said phases b) 

20 and/or and c) and/or e), one or more predefined sets 
of knowledge rules, said predefined sets of knowl- 
edge rules being stored in one or more computer- 
ised knowledge bases, linked to said computerised 
knowledge interpreter. 

25 

4. A method, according to the claim 3, characterised 
in that said computerised knowledge interpreter: 

receives one or more pieces of input informa- 
30 tion; and 

- processes, based on said knowledge rules, 

said pieces of input information by means of 

one or more computerised programs; 

generates one or more pieces of output infor- 
ms mation. 

5. A method, according to claim 4, characterised In 
that one or more of said knowledge rules comprise: 

40 - a first portion of knowledge rule for generating 
logic values and/or graphic logic elements, said 
one or more logic values and/or graphic logic 
elements being indicative of the existence of 
predefined logic conditions for processing said 

45 pieces of input information; and 

a second portion of knowledge rule for select- 
ing, based on said plurality of logic values, a 
processing action, said pieces of input informa- 
tion being subjected to said processing action 

so for generating said pieces of output informa- 

tion. 

6. A method, according to claim 3, characterised in 
that said first portion of knowledge rule and/or said 

55 second portion of knowledge rule comprises one or 
more pieces of computer program, said pieces of 
computer program using a "script" language or a 
"graphical" language. 
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7. A method, according to the claims 3 and 4, charac- 
terised in that said first portion of knowledge rule 
and/or said second portion of knowledge rule in- 
cludes one or more separated sub-portions com- 
prising one or more pieces of computer program, 
said pieces of computer program using a language 
obtained by means of a combination of said "script 1 
language and said "graphical" language. 

8. A method according to one or more of the previous 
claims, characterised in that: 

said input information has a input format, com- 
prising an input syntax and an input semantics; 
and 

- said output information has an output format, 
comprising an output syntax and an output se- 
mantics. 

9. A method, according to claim 8, characterised in 
that: 

- said input syntax is equivalent to said output 
syntax; and 

- said inputsemantics is equivalenttosaid output 
semantics. 

10. A method, according to claim 8, characterised in 



said input syntax is equivalent to said output 
syntax; and 

- said input semantics is different from said out- 
put semantics. 

11. A method, according to claim 8, characterised in 



said input syntax is different from said output 
syntax; and 

said inputsemantics is equivalentto said output 
semantics. 



said input syntax is different from said output 
syntax; and 

- said input semantics is different from said out- 
put semantics. 

13. A method, according to the previous claims, char- 
acterised in that said phase a) comprises the steps 



a.1) acquiring said first information from first 
storage means, said first storage means being 
included in first computerised tools used for en- 



gineering and configuring said first distributed 
control system; 

a.2) storing said first information into second 
storage means, said second storage means 
s being comprised in said computerised environ- 

ment; 

a. 3) acquiring said first information from said 
second storage means. 

10 14. A method, according to one or more of the previous 
claims, characterised in that said phase b) com- 
prises the following steps: 

b. 1) sending pieces of said first information in 
* 5 input to said computerised knowledge inter- 
preter; 

b.2) generating, by means of said computer- 
ised knowledge interpreter, pieces of first inter- 
mediate information, said pieces of first inter- 
na mediate information comprising a first interme- 
diate format provided with a third syntax and 
said first semantics; 

b.3) storing said pieces of first intermediate in- 
formation into first intermediate storage means; 

25 b.4) sending a first portion of said pieces of first 

intermediate information in input to said com- 
puterised knowledge interpreter; 
b.5) sending a second portion of said pieces of 
first intermediate information in input to said 

so computerised knowledge interpreter; 

b.6) generating, by means of said computer- 
ised knowledge interpreter a first portion of 
pieces of third information, said first portion of 
pieces of third information comprising a third 

35 format provided with said third syntax and a 

third semantics; 

b.7) generating, by means of said computer- 
ised knowledge interpreter, a second portion of 
pieces of third information, said second portion 
pieces of third information comprising a format 
equivalentto said first intermediate format; 
b.8) storing said first portion and said second 
portion of pieces of said third information into 
third storage means, said third storage means 
being included in said computerised environ- 
ment. 

15. A method, according to one or more of the previous 
claims, characterised In that said phase e) com- 
prises the following steps: 

e.1 ) acquiring said first portion and said second 
portion of pieces of said third information from 
said third storage means; 
e,2) sending, said first portion of pieces of said 
third information, in input to said computerised 
knowledge interpreter; 

e.3) generating, by means of said computer- 



10 



19 



EP 1 150 206 A1 



20 



ised knowledge interpreter, a first processed 
portion of pieces of third information, said first 
processed portion of third information compris- 
ing a format equivalent to said third format; 
e.4) sending said second portion of pieces of s 
said third information, in input to said compu- 
terised knowledge interpreter; 
e.5) generating, by means of said computer- 
ised knowledge interpreter, a second proc- 
essed portion of pieces of third information, 10 
said second portion of third information com- 
prising a second intermediate format provided 
with said third syntax and said second seman- 
tics; 

e.6) storing said first processed portion and « 
said processed second portion of pieces of third 
information into said third storage means. 

1 6. A method, according to one or more of the previous 
claims, characterised in that said phase c) com- 20 
prises the following steps: 

c.1) acquiring from said third storage means: 

- said first portion of pieces of third inforrna- 25 
tion; and/or 

- said second portion of pieces of third infor- 
mation; and/or 

- said first processed portion of third infor- 
mation; and/or 30 
said second processed portion of third in- 
formation; and/or 

c.2) sending in input to said computerised 
knowledge interpreter: 35 

• said first portion of pieces of third informa- 
tion; and/or 

- said second portion of pieces of third infor- 
mation; and/or *° 

- said first processed portion of third infor- 
mation; and/or 

said second processed portion of third in- 
formation; and/or 

45 

c.3) generating, by means of said computerised 
knowledge interpreter: 

■ a first portion of pieces of second interme- 
diate information, said first portion of piec- so 
es of said second information comprising a 
format equivalent to said second interme- 
diate format; and/or 

a second portion of pieces of second inter- 
mediate information, said second portion 55 
of pieces of said second information com- 
prising a format equivalent to said second 
intermediate format; and/or 



a third portion of pieces of second interme- 
diate information, said third portion of piec- 
es of said second information comprising a 
format equivalent to said second interme- 
diate format; and/or 

a fourth portion of pieces of second inter- 
mediate information, said first portion of 
pieces of said second information compris- 
ing a format equivalent to said second in- 
termediate format; 

c.4) storing said first portion, said second por- 
tion, said third portion and said fourth portion of 
pieces of second intermediate information into 
second intermediate storage means, said sec- 
ond intermediate storage means being includ- 
ed in said computerised environment; 
c.7) acquiring pieces of said second intermedi- 
ate information from said second intermediate 
storage means; 

c.8) sending said pieces of said second inter- 
mediate information, in input to said computer- 
ised knowledge interpreter; 

c. 9) generating, by means of said computerised 
knowledge interpreter, pieces of said second 
information. 

17. A method, according to one or more of the previous 
claims, characterised in that said phase d) com- 
prises the steps of: 

d .1 ) storing said pieces of said second informa- 
tion into fourth storage means, said fourth stor- 
age means being included in said computer- 
ised environment; 

d. 2) acquiring said second information from 
said fourth storage means; 

d.3) storing said second information into fifth 
storage means, said fifth storage means being 
included in second computerised tools used for 
engineering and configuring said second dis- 
tributed control system. 

18. A method, according to one or more of the previous 
claims, characterised in that said third information 
and said third processed information describe the 
hardware/software configuration of said virtual dis- 
tributed control system by means of the combina- 
tion of sets of information, said sets of information 
comprising pieces of information related to non- 
overlapping aspects of the hardware/software con- 
figuration of said virtual distributed control system. 

19. A method, according to one or more of the previous 
claims, characterised in that one or more of said 
phases from a) to e) is activated, according to ad- 
justable sequences, by first computerised means, 
said first computerised means being included in 
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said computerised environment. 

20. A method, according to one or more of the previous 
claims, characterised in that said computerised 
environment comprises second computerised 5 
means for logging the sequence of transitions to 
which a selected information item is subjected dur- 
ing one or more of said phases from a) to e). 

21 . A method, according to claim 20, characterised In 10 

that said information item is selected from said first 
information and/or from said second information 
and/or from said third information. 

22. A method, according to claims 20 and 21 , charac- « 
terlsed In that said second computerised means 
build one or more data structures for keeping track 

of the transitions to which said information item is 
subjected. 

20 

23. A method, according to claim 22, characterised in 
that said data structures comprise one or more 
transition graphs, visible to the user. 

24. A computerised tool, characterised in that it im- 25 
plements a method for converting first information 
comprising a first format provided with a first syntax 
and a first semantics for describing the hardware/ 
software configuration of a first distributed control 
system, into second information comprising a sec- so 
ond format provided with a second syntax and a 
second semantics for describingthe hardware/soft- 
ware configuration of a second distributed control 
system, according to one or more of the previous 
claims. - 35 
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